The paper uses panel data of 30 provinces in China from 1998 to 2012 to calculate their innovation efficiency by DEA model. Meanwhile we use Tobit model to discuss the effect of firm size on regional innovation efficiency. In order to solve endogeneity problem, we choose an instrumental variable to replace firm size. Although from Figure 2 , firm size and innovation efficiency show an inverted U-shaped relationship, at this stage enterprises in China are usually small, which leads most of them stay at the left side of inverted U-shaped curve. Our main conclusion is that at this stage in China, firm size and innovation efficiency have a linear relationship. Other variables such as dependence on trade, level of urbanization and education also have positive effect on innovation efficiency.
Introduction
Since the reform and opening up, construction of China's socialist modernization has made remarkable achievements. Meanwhile GDP continued to increase, and it surpassed Japan to become the world's second largest economy. However, in recent years, with the gradual disappearance of reform dividend, economic growth is slowing down, China is facing unprecedented pressure. Innovation is the core of modern economic growth, and over the past decade, China had put it to a strategic height, and we tried to use innovation to break the bottleneck of economic growth. China held a National Conference in 2006, it tried to make China an innovation-oriented country. From then on government's investment in research and development continues to increase, and government uses more and more policies and regulations to guide our overall innova-tion activities. According to the statistics of National Bureau, science and technology funds in China continued to increase in 2012, total investment in research, experimentation and development for the first time exceeded one trillion yuan, and the total funding ranked third in the world. Figure 1 shows China's actual R&D funding from 1998 to 2012. From the figure we can see that our investment in science and technology activities increased year by year, and the speed of increase also showed an increasing trend. Using the price in 1998 as the base period to eliminate price fluctuations, the actual funding in 2012 was about 70 million.
Even though we pay close attention to innovation, our input and output are beyond proportion. During the Third Plenary Session of the Eighteenth Central Committee, government analyzed 31 provinces' level of development. The analysis found that regional technology innovation is still insufficient. Gap between China and developed countries in Europe and America is still obvious, and the situation that our core technology is depending on foreign countries has not been improved. According to statistics of customs, in 2012 China's IC imports amounted to $172.499 billion, imports amounted to 2197.17, and the same as number of China's crude oil imports. The amazing situation indicated that China had not the core capacity of technology production, the huge funding in research and development did not solve the problem that we lacked of ability to innovate.
At present it's extremely important for us to improve our innovative ability. In fact, enterprises are the main element in technological innovation. In Europe and other developed countries, 80% of the research work was done in large enterprises. So in order to improve the overall ability of technical innovation, we need to enhance enterprises' capability of independent innovation. But at the stage enterprises in China are accessories in the cooperation of industry-university-research. On the one hand China lacks of adequate intellectual property protection system, enterprises' output cannot offset input. Their motivation to innovate must be weaken. On the other hand, currently our market is disperse, there are so many enterprises in all kinds of industry. It's difficult for a small firm to make huge profit. As a consequence they do not have enough money to carry out high-investment research and development. But as the main element of innovation, the status of enterprises cannot be replaced. Edwin Mansfield and Morton Kaman who were the representatives of Technological Innovation Economic Theory analyzed the relationship between technological innovation and firm size. They found in terms of technological innovation, firm size was an important element. In fact the effect of firm size on innovation is very complex. Schumpeter who was the founder of innovation theory thought that large firms had more powerful economic strength than small firms' economic strength. They can provide advanced equipment and recruitment talented employees. However it does not mean that firm size can be infinite large.
Because management efficiency will be insufficient accompanied with firm size being large. At present China lacks both adequate intellectual property protection system and completely competitive market. Will firm size have obvious effect on technological innovation? How large the impact will be? This article will discuss these problems in detail.
The paper is organized as follows. The second part is literature review; the third part aims to select research methods and variables; the fourth part is empirical analysis; the fifth part is the conclusion and policy recommendations.
Literature Review
Domestic and foreign scholars carried out a lot of discussion on the relationship between firm size and innovation activities, but scholars have not come to a unified conclusion. Overall, the research on firm size and technological innovation can be divided into three categories. First, the impact that firm size has on input in R&D activities.
Second, the impact that firm size has on output in R&D activities. Third, the impact that firm size has on innovation efficiency.
Scholars generally use R&D expenditure to measure innovation inputs, such as Culbertson (1985) [1] . He studied the effect that firm size had on firms' R&D expenditure and the industries' R&D expenditure. The main conclusion is that change of a firm's size will cause other firms in the industry change their firm size. Firm size's being larger may increase its R&D expenditure but decrease the total R&D expenditure in the industry. Meanwhile, many scholars examined the effect of firm size on allocation of R&D effort between process and production innovation. They had similar conclusion. Mansfield (1981) [2] based on data for over 100 firms in a dozen industries and found that with the expansion of firm size spending on basic research was increasing, but inversely spending on product innovation was declining. Cohen and klepper (1996) [3] found that process and product innovation systematically differ regarding the extent to which they can be sold in disembodied form and generate discontinuous growth. More generally the finding also supported the basic idea that larger firms had an advantage in R&D because of the larger output over which they can apply the results-thus spread their costs-of their R&D. Yin and Zuscovitch (1998) [4] combined theory with model derivation and found that large companies were more inclined to process innovation, inversely small businesses tend to product innovation. Therefore, large companies dominated in the original product market. And small companies dominated in the new product market. As for the relationship between firm size and R&D expenditure in China, Jefferson (2004) [5] based on the panel data of 5451 companies in China and found that there were no significant relationship between firm size and R&D expenditure.
Research on the relationship between firm size and innovation output might be endless, but the conclusion is not consistent. Some scholars believed that both of large and small companies had their own comparative advantages, such as Acs and Audretsch (1987) [6] in 1982. They based on the four-digit manufacturing industry data, and found that in capital-intensive industries large enterprises had innovation advantages. In new technology-intensive industry, medium and small enterprises were more innovative. Some scholars thought that large companies produce more innovations, such as Gayle (2001) [7] used 33,250 enterprises' panel data from 1976 to 1992 and found that firm size has a significant positive impact on innovation output. Some scholars believed that as long as control certain factors, there were significant relationship between firm size and innovation output. Such as Acs and Audretsch (1988) [8] found that the innovation activities were affected by technological and economic environment. The more firms that owned staffs beyond 500 in a industry, the more innovative activities the industry would have. Gifford (1992) [9] used the model to deduce that if monopoly and firm size had effect on innovation depended on the enterprise technology environment. Technological environment refers to the degree of economic boom. When the economy bottomed, entrepreneurs have to consider withdrawing from the market or innovating in order to survive. Then the author of the study found that when the economy went well, firm size started to have effect on innovation. Ajay (2014) [10] examined MSAlevel patent data during the period 1975-2000 and found that innovation output is higher in regions where both a sizable population of small firms and large labs are present. As for the relationship between enterprises in China and innovative output, scholar Zhengbo Peng (2007) [11] used Industrial Statistics in China from 2000 to 2003 and found that the relationship between firm size and innovation output was not a simple linear relationship. It can be expressed as U-shaped or inverted U-shaped. Liangmou Gao and Yu Li (2009) [12] found that firm size and technological innovation inverted U-shaped relationship. Zedong Niu, Qianxiao Zhang and Wen Wang (2011) [13] used a nonlinear regression model smooth transition panel to analysis the relationship between firm size in high-tech industries and technological innovation, the results showed their relationship was inverted U-shaped.
Research from the perspective of innovation efficiency is relatively less, Ronde and Huccler (2005) [14] found that the relationship between firm size and innovation efficiency was not determined, it depended on the country's science and technology policy. Petra and Susanne (2013) [15] discussed from the point of view that if innovation activities were outsourced. Results showed that if company outsourced innovation activities, small firm size might have advantage. If company innovated themselves, then large firm may do well. Revilla and Fernández (2012) [16] based on Spanish corporate data and found in the dynamics mechanism of technological innovation firm size and innova-tion efficiency showed negative relationship. Junhong Bai (2011) [17] used SFA model and found that there was a positive linear relationship between firm size and innovation efficiency.
Overall, research on the relationship between firm size and innovation input were concentrated before 20000. And the conclusions were similar. In regard to firm size and innovation output, the quantity of research was large. And the conclusion was very inconsistent. The reason why scholars' conclusions differ, possibly because of their sample selection, measurement methods and various metrics were not the same, and the relationship between firm size and innovation activities also cannot be answered by a simple conclusion. The research about firm size and efficiency of innovation was beginning at the last decade. Domestic literature about the firm size and innovation efficiency is few. Since innovation efficiency considers both the inputs and outputs, it can reflect the effect of firm size on innovation activities more comprehensive. It is why the paper chooses this research point. More importantly, the paper uses Shapley decomposition to analysis regional innovation efficiency. It can analyze the contribution of firm size to regional innovation efficiency's difference, which is an innovative point of this paper.
Research Methods and Variables Selection

Research Methods
The . We use ( ) P x to represent production possibility set:
Suppose the production possibility set is a closed and bounded set, outputs and inputs can be freely disposed of, in each period 1, , 
among them t i λ indicates the weight which is conferred by each observation. 
, others
among them 
Variables Selection
In a two input-two output model, two input variables respectively are R&D personnel FTE of above-scale industrial enterprises and R&D intramural expenditure of abovescale industrial enterprise. The output variables are sales revenue of new product and the number of patents which are accredited. Other scholars also use the number of R&D activities personnel, R&D expenditure, the funding spent on new product development and the number of scientists and engineers as input variables. Patent applications, the output value of new product are also used as output variables by many scholars. The full-time equivalents here refer to the total of full-time personnel converted by full-time staff plus part-time staff. It is more precise than R&D activities personnel. Considering that the paper aims to analyze regional innovation efficiency, so we use R&D intramural expenditure rather than spending on new product development. Besides firm size, we selected 5 variables to analyze factors which have influence on innovation efficiency, namely FDI, government behavior, dependence on trade, education, and urbanization. The full name of FDI is foreign direct investment. It will not only bring capital to the provinces, but also introduce technology. There is an overflow brought by foreign capital. So the technology spillover cannot be ignored. Thus the impact of FDI on innovation efficiency is expected to be positive. Government behavior means the part of R&D expenditure raised by government. Government's raising science and technology funds can increase output of innovative products, but the impact on efficiency is complex. Because efficiency measures a firm's ability to transfer inputs into outputs. But it does not mean that efficiency will be improved. Therefore impact of government behavior on innovation efficiency is uncertain. Trade dependence ratio is measured by the industry export delivery value of GDP, reflecting the country's dependence on foreign trade industry, its impact on innovation efficiency is uncertain. The level of education is measured by the ratio provincial education funding to provinces' GDP in the same year. It reflects the level of supporting on education by provinces. It can also reflect the level of human capital in a province. Thus the impact of it on the innovation efficiency is expected to be positive. Urbanization level is measured by urban road space per capital. Urbanization level has direct impact on all kinds of local facilities, the ability to raise capital and the capacity to absorb talents. Therefore this factor should be included in. And its impact on innovation efficiency is expected to be positive. Table 1 shows the estimation results of innovation efficiency in each province. Overall, there are some differences between each province in our country. From 1998 to 2012, the highest value of average innovation efficiency is 1, the lowest was 0.797. Among them, the following provinces own the highest value of innovation efficiency, they are 
Empirical Analysis
The Measure of Innovation Efficiency
Analysis of Influence Factors
In Equation (4), we base on China's 30 provincial-level panel data and get a result of regression in Table 2 . There are 4 models in Table 2 .
From the model (1), coefficient of dependence on trade is significantly positive, indicating that exports will help to improve the technical level. Dependence on trade reflects the market conditions of a region, a high value of dependence on trade indicates a high degree of openness. Thus we own more opportunity to communicate with foreign technology and therefore its coefficient is positive.
Urbanization coefficient is positive at the 10% significance level. The level of urbanization reflects the level of a region's infrastructure, public transport, etc. A high level of urbanization means a greater chance to get access to advanced technologies. Thus the innovation efficiency in that region must be higher.
The coefficient of education is positive at the 5% significance level. Nowadays, education spending in GDP is increasing, indicating that more and more provinces are 
Robustness Test
Firm size can affect innovation efficiency, but innovation efficiency will in turn affect the firm size. So in order to solve the endogeneity problem, we use the average number of employees as instrumental variables to replace firm size which is the same as Xiaohua Sun and Yun Wang (2014) [19] .
Model (3) in Table 2 
Conclusions and Implications
Conclusions
Since the reform and opening up, "bringing in" and "going out" have brought a huge gospel to our country. Not only our economy has created a new high, but also advanced Western technology has been brought. However, in recent years, with the weakening of reform dividend, our country encountered a bottleneck in the way of constructing an innovative country. Technical plagiarism scandal broke frequently, and regional technology gap also led to a series of livelihood issues. From the perspective of innovation and efficiency, the paper begins to discuss the impact which firm size has on innovation efficiency's differences. We try to open a new situation for China's technological progress. The paper uses panel data of China's 30 provinces from 1998 to 2012 to calculate their innovation efficiency by DEA model. We try to discuss the impact which firm size has on the innovation efficiency. The main conclusions are as follow. Firstly from a scatter plot, although firm size and innovation efficiency show an inverted U-shaped relationship, and the scale of the country's industrial enterprises are generally small. So most of companies are staying at left in the inverted U-shaped apex, this is why regression results show positive linear relationship between them. Secondly, Shapley decomposition results show that the contribution of firm size on innovation efficiency difference exceeds 20%, which is an important factor in regional innovation efficiency differences. In addition, firm size, FDI, trade dependency, education, and R&D intensity also have positive impact on regional innovation and efficiency differences. Among them, FDI's impact on innovation efficiency is the maximum. It implies that the reform and opening up has essential contribution on increasing technology level in China. The government behavior and the urbanization have no significant impact on innovation efficiency.
Implications
In fact, China's industrial enterprises are facing the embarrassing situation in promot-ing innovation. State-owned enterprise owns abundant capital but their efficiency is low. Small private enterprises lack of motivation for innovation because they lack of capital. The end of 2015, our government promotes the reform to guide state-owned enterprises, in a sense that it is the government who wants to make a difference in promoting the integration of state-owned enterprises and private enterprises. Apart from this, based on the conclusions of this paper, we get the following policy implications:
1) Firm size of China's industrial enterprises is generally small. So economy of scale can't make a big difference fully. Government can lead enterprises to scale up itself by policy support and financial loans. But we cannot allow unlimited expansion of enterprises, only reasonable range of firm size can promote innovative efficiency.
2) "Bringing in" and "going out" had a profound influence on our country's innovation efficiency, although the current international situation making waves, the TPP trying to limit trade in our country. But the government still can promote the internationalization of the RMB, and at the same time use taxation and credit to absorb foreign companies in, and also encourage local enterprises to cooperate with foreign enterprises.
3) The provinces should try to cut the small-scale production of backward production capacity, reducing the gap between our province enterprise first, and then to narrow regional gap and alleviate regional imbalance in our country. 5) Improving the efficiency of government funding. Our study found that government behavior has no significant effect on technological innovation efficiency. It warns us to check government directly investment on innovation. We need to supervise the use of governmental funding and arouse the innovation enthusiasm of enterprise.
